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Introduction 

The  off  not  of  i  riveted  stiff  boot  placed  perp— mm  wr»i  «i»  to  In  ad* 
vane*  of  a  creek  la  twofold:  first,  the  stiffener  radices  the  hackling  of 
the  plate  containing  the  crack  and  second,  rivet  forces  will  be  indnsed 
aaeh  that  all  rivets  In  the  neighborhood  of  the  orsek  tip  will  apply 
forces  to  the  plate  In  a  direction  to  oppose  farther  notion  of  the  eracko 
Both  of  these  effects  tend  to  step  the  crack  In  the  vicinity  of  the  e&l ff- 
ener. 

In  Technical  Status  Report  Ho.  2,  September,  1958,  the  Increase  In 
fkautore  strength  dne  to  reduction  of  hackling  was  evalneted*  An  analyt- 
leal  study  of  the  stress  intercity  factor,  K,  and  ita  various  ramifica¬ 
tions  was  made  in  Technical  Status  Report  Ho,  3,  dated  Jana  ary  15,  1959. 

In  this  report  experimental  data  is  presented  supporting  tha  analyt¬ 
ical  study  node  In  the  previous  Status  Report.  These  teste  ahoy  that  it 
is  possible  to  measure  K  by  use  of  strain-gages  placed  near  the  crack  tip. 
Another  test  involves  determination  of  Ke,  the  oritioal  stress-intensity 
factor  for  onset  of  rapid  fracture.  Later  teats  investigate  tha  effect  of 
a  single  rivet  force  upon  stress  at  the  crack  tip.  Although  the  result  a 
of  those  testa  ere  here  suaearlsed,  this  testing  pro  gran  is  not  collets. 

The  Strews  Intensity  Factor 

In  the  vicinity  of  the  crack  tip,  and  co linear  with  the  crack,  the 
stress  intensity  factor  is  given  by^ 


(1)  Raiaed  parentheses  refer  to  references  in  Bibliography, 


This  expression  la  valid  for  all  applied  stress  patterns,  snob  as  uni¬ 
form  tension  renote  from  the  brack  and  splitting  foveas  la  tbs  orsek. 
If  the  Airy  stress  fraction  Is  represented  hy^ 
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For  the  ease  of  a  eraek  perpendicular  to  a  field  of  ratfloni  ten¬ 
sion,  7  , 


The  real  part  of  this  fraction  is  detenined  by  substitution  of  ths 
persnsttrs  (see  Figure  1). 

5.a.rt<4  f  «> 

v<kW**j 

If  (5)  is  substituted  Into  (5),  then 
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numerically  using  expression  (13)  with  suitable  values  for  P  end  b 


K  values  nay  be  determined  experimentally  bp  strain  gage  measure- 
■eats  n ear  the  crack  tip.  However,  a  certain  error  is  Involved  here 
that  is  an  increasing  function  of  the  ratio  r/a.  Par  the  case  of  a 
crack  in  a  unlfoni  stress  field,  the  ratio  of  Kg,  the  appsramt  stress 
intensity  factor  to  K  is  calculated  by  dividing  expression  (20)  by 
(11) 
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For  the  ease  of  splitting  forces  in  the  crack 
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Experimental  Determination  of  tbs  Strata  Intensity  Factor 

As  discussed  previously,  the  stress  intensity  factor  may  be  deter- 
slned  by  measuring  strains  close  to  the  crack  tip.  The  stress  intensity 
factors,  for  various  crack  lengths,  were  measured  in  Teste  1,  II  end  IH; 
Figure  1*  shows  the  central  portion  of  the  test  specimens,  depicting  the 
crack  of  length  2a  and  four  strain  gages,  the  centers  of  vtdsh  lie  at 
x  •  •  (a  ♦  r).  For  Test  I,  the  dimension  "a"  was  one  inch,  "a*  was  two 
inches  for  Test  n  end  three  for  Test  III.  The  data  from  these  tecta  la 
tabulated  in  Tables  I,  II  end  III  end  the  results  plotted  on  Figures  5, 

6  end  7.  The  theoretical  expression  for  K  soosars  as  a  straight  line  on 
these  Figures.  Experimental  results  are  in  good  agreement  with  the  theory. 

Meaauransnt  of  the  Critical  Stress  Intensity  Factor 

The  orltlcal  stress  intensity  factor,  KQ,  is  measured  at  the  onset 


of  rapid  crack  propagation.  Its  value  rsraina  relatively  constant  for  a 
certain  range  of  crack  and  plate  dimensions,  providing  the  properties 
of  the  material  are  constant.  For' a  plate  with  a  centrally  located 
crack, 

Kc»  3 ilex*  (16) 

irtiere  la  the  uniform  stress  applied  to  the  specimen  at  onset  of 
rapid  crack  propagation  and  ac  is  the  half  crack  length  existing  at 
the  same  instant. 

In  Teat  IV,  a  centrally  notched  plato  was  loaded  until  failure.  A 
continuous  record  of  the  load  was  made  on  a  recording  aillivoltaeter 
The  load  was  converted  to  millivolts  using  a  Vheatstone  Bridge  with 
on*  arm  consisting  of  strain  gagao  mounted  on  a  load  bar.  The  ndJ.li- 
voltneter  was  read  at  certain  loads  on  the  specimen.  These  readings, 
along  with  other  test  data,  are  given  in  Table  IV  and  plotted  in  Figure 
8-  The  maximum  reading  of  the  aillivoltaeter  was  easily  determined 
from  the  continuous  record  of  load  vs  time.  Figure  8  shows  this  reading 
and  the  corresponding  load  at  fracture. 

The  crack  length  at  the  onset  of  rapid  crack  propagation  was  measur¬ 
ed  by  the  extent  to  which  Indie  ink  had  marked  the  fracture  surface.  The 
ink  had  been  placed  in  the  creek  tip  at  the  start  of  the  test.  As  the 
crack  grew  slowly,  the  ink  moved  with  it,  but  once  the  crack  started  to 
grow  rapidly,  the  ink  was  unable  to  follow. 

For  a  4>eclaen  of  Ale  lad  7075  16,  thn  critical  value  of  the  stress 
intensity  factor  was  observed  to  bo  27,000  lb  ( inches'*^2.  This  value 
agrees  with  those  of  other  investigators  ,  Table  V^  gives  fracture  re¬ 
sults  for  various  material*  in  terms  of  stress  intensity  factor  and  also 
crack  extension  force,  Q . 


Evaluation  of  the  Effects  of  Pinching  Forces  on  Stresses  In  a  Plate 

Pinching  forces  are  applied  to  the  plate  in  the  region  of  the  crack 
Up  as  shown  In  Figure  9.  The  forces  are  applied  by  two  bolts  above 
end  below  the  crack  connected  by  two  straps.  The  elongation  of  the 
speelnen  induces  stress  in  the  strap  and  the  piimMng  force  can  be  de~ 
tenslned  fro m  the  known  calibration. 

The  theoretical  pressure  distribution^'  between  a  single  pair  c £ 
opposed  forces  is  shown  in  Figure  10.  Test  V  is  concerned  this 
pressure  distribution.  In  this  test  the  straps  cause  forces 

in  absence  of  e  creek.  Table  VI  gives  the  results  of  this  test.  The 
stresses  are  measured  both  with  end  without  straps*  the  difference  ba¬ 
tmen  the  two  stresses  being  designated  If  F  is  the  ^"g  force 

in  pounds  per  inch  of  plate  thickness*  then  should  be  a  constant 

for  any  distance  r  frost  the  crack  tip.  The  average  error  of  four  measure- 
Kents  of  was  3  percent. 

The  additional  pressure  distribution^  erased  by  the  presence  of 
the  creek  in  shewn  in  Figure  11.  This  distribution  was  verified  by  Test 
VII.  This  test  ms  similar  in  all  respects  to  Test  V  except  that  the 
orack  ms  six  inches  Jong  and  the  pnlrs  of  pinching  forces  sere  six  Inches 
apart.  Stress  readings  for  this  test  give  the  sum  of  the  pressure  dietri- 
butiors  of  Figures  10  and  11.  Again,  the  results  of  the  test  are  given  in 
terms  of  *VF  ->  The  experimental  error  was  10  percent* 

Direct  measurement  of  K  values  ms  impossible  for  Tests  V  and  V33  due 
to  the  similar  magnitudes  of  the  a  tree  a  fields  that  were  maaored.  How¬ 


ever*  the  symmetrical  field  may  be  measured  singly  in  the  absence  of  the 
crack  and  then  subtracted  from  the  total  stress  measured  with  e  crack.  The 
stress  intensity  factor  applies  only  to  the  stress  field  with  a  discontin¬ 
uity  at  the  crack  tip. 
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Figure  6  -  Theoretical  and  Experimental 
Stress  Intensity  Factors  -  Test  II 
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Figure  7  -  Theoretical  and  Experimental 
Stress  Intensity  Factors  -  Test  III 
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Figure  6  -  Killivoltoeter  Roeding  vs. 
Load  for  Teat  IV 
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Figure  9  —  Sp6dna  Used  to  Evaluate 
Effeet  of  Pinching  Force* 


Figure  10  -  Pressure  Distribution  for 
Pair  of  Opposed  Forces  In  a  Plate 
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Figure  11  -  Additional  Pressure  Distribution 
for  Pair  of  Opposed  Fbrces  with  Crack  Present 
Total  distribution  ■  Sun  of  Figures  10  11 


TABLE.  ISZT 


TE*^~  EZ  SPECIMEN1  ALCLAD  701S-TGj7Z* 

VOLTAGE  APPLIED  TO  BRIDGE*  \"7.4 


LOAD 

maWOLTMETER 

0 

0,00 

3000 

0.20 

2000 

0.42 

3000 

0.67 

4000 

0.88 

5000 

1.13 

10000 

2.28 

15000 

3.40 

20000 

4.58 

30000 

6.91 

motors 

7.23 

FRACTURE  LOAD  FROM  FIGURE  B:3L5*\p* 
\N\T\AL  CRACK  LENGTH,  2La  »  G.OO" 

CRACK  LENGTH  AT  ONSET,  2co*G.25" 


K 


c 


BLSoo  JfTa 


^*7,000  -Ms  -W 


24**  K4 


table:  szl 


British  ship  steel 

(Plane  strain;  room  temperature) 


Egg 


?  ^table:  3ZL 

TEST  1C  -  TEST.  OF  PLATE.  WITH  ‘STRAPS.  BUT 
WITHOUT  CRACK  TO  VERIFY  PRESSURE 
DISTR.  BUTION4  OF  PlStCV-UNG  FORCES 

LOADS  ARE  APPLIED  .O  PLATE.  AMD  RESULTING. 
STRAP  LOAD  IS  DETERMINED  THROUGH  PREVIOUS 
CALI  OR  ATI  ON 


TABLE.  SZL  (C.OMT.) 


LOADS  APPLIED  TO  PLATE  WITHOUT  STRAPS 
BUT  WITH  BOLTS  IN*  HOLES 

STRAIN  *  IOfe  AT  PLATE  LOAD 

I _ ho?ooo  I  20,000  I  lo.ooo  f  iero  I 


12,420 

12,800 


stress  DUc.  to  straps  alohe 

10,000  I  20,000  I  10,000  I  *2SRO 


20,  OOO 


i» 

■ 

f- 

I 

I 


I 

I 


TABLE,  m 


,rrWV7r’;77^-T»'7I  f!W7 


test  2H  -  similar  to  test  3z:  except  that 

PINCHlNS  FORCES  ARE.  APPLIED  TO  ENDS 
OF  fc"  C.RAC.K 


LOADS  ARE,  APPLIED  TO  PLATE  AND  RESULTING* 
STRAP  LOAD  IS  DETERMINED  THROUGH  PREVIOUS 
CALIBRATION 


1 

STRAP 

LOAO  AT  PLATE 

LOAD 

STRAPS 

5000 

IOOOO 

SOOO 

16RO 

1 

LEFT 

+  315 

+  400 

-  165 

-  530 

rig*ht 

+  380 

+  400 

+  25 

-  300 

1 

MUCLRA&e 

♦  342 

+  440 

-  70 

-  415 

1 

STRAIN  *  !Ofc  AT 

PLATE  LOAD 

1 

5000 

IOOOO 

5000 

1ERO 

1 

€*4- 

+  311 

♦  710 

+  486 

♦  188 

1 

*•4. 

-  30 

-  119 

-  42 

-  14 

■ 

+  294 

+  707 

+  442 

+  140 

1 

+  50 

♦  193 

+  63 

♦  2 

1 

STRESS  AT  PLATE  LOAD 

_ 1 

5000 

IOOOO 

5000 

UBS 

1 

mm | 

3450 

7660 

5410 

2110 

1 

3580 

8920 

5340 

1610 

1 

AVERAGE 

3510 

5380 

1860 

-26- 


8700 

12310 


500 


-  70 
+  20 


5000 

voooo 

Ave 

-  1680 

-  2210 

ave  ^/F  j 

.307 

.314 

THE.OR.eTlC.AV-  VALUE  OF  '  .343 

AVERAGE.  OF  TWO  READ l >4 *.310,  ERROR  \0% 

THIS  LARGE  ERROR.  IG  ATTR\BUTABLE 
TO  SIGNIFICANT  BUCKLINIG  OF  SPECIMEN 


